reconfiguration of the building object), first of all, the static analysis of the construction is made, taking into account the impact of the new loads and some changes within the elements. Based on the results of the static analysis the necessary reinforcement for reinforced concrete elements can be matched.
Taking into account the selected reinforcement, the analysis of the structure take into consideration the physical nonlinearity is performed. As a result of the analysis one determines damaged structural elements, in which cracks appear. Consequently elements that are in need of strengthening are determined.
At the following step of the design the parameters of the fiber reinforced polymer material are to be selected which will be used to strengthen the construction. The bearing capacity of the strengthened element could be checked in «ESPRI». As a result of the check in «ESPRI» new reduced rigidity of the strengthened element is got.
After selection of the composite material and testing the load-bearing capacity of the strengthened element, on the SP «LIRA-SAPR» the new stiffness to the finite elements of the analytic model is set. To do this, the type of the finite elements, which are in need of being strengthened, is to be changed. The new type of these finite elements must be the physically nonlinear universal three axes bar finite element №210. After setting the new stiffness (taking into account the strengthening of the construction by fiber reinforced polymers materials) a new calculation has to be made. After the evaluation of the obtained stress-strain state of the analytic model decision about the additional strengthening of the other structural elements has to be sold.
After the strengthening, in the analytic model the redistribution of the forces takes place. So if desired, in «ESPRI» it is possible to re-test the load-bearing capacity of the strengthened structural elements, with the new forces obtained on the SP «LIRA-SAPR» in these elements.
Consequently, the calculation procedure of the analytical model in the SP «LIRA-SAPR» and «ESPRI», taking into account the strengthening, can be displayed in the form of the following algorithm, which is shown in Fig. 1 . Letus consider the procedure for obtaining the parameters to model the strengthen of a structure on SP «LIRA-SAPR» by the example of the frame analytic model (Fig. 2) .
After the static analysis, for the considered analytic model the appropriate reinforcement is selected.
Then the physically nonlinear analysis was carried out, in which the corresponding parameters of the concrete deformation ( Fig. 3 ) and reinforcement were specified. During the physically nonlinear analysis the parameters to calculate the deformation of the structure, taking into account creep of concrete are specified. The change of the creep coefficient in time was determined with the 44th piecewise creep law.
The creep coefficient ) (τ ϕ was calculated with formulas:
where t is a point of time for which deformation is determined; t′ is a point of applying the stress elementary increment;
B k and γ k are constants which depend on the concrete, and also B 0 = 1, γ 0 = 0 and γ k > 0.
The value 0 C is the extreme value of the creep coefficient; k A is characteristic, which depends on the properties and ageing conditions of the using concrete.
After the physically nonlinear analysis the schemes of the stress-strain state of the frame is received (Fig. 4) .
Figure 4 -Stress-strain state schemes
As a result of the analysis, it was determined that on the third stage of creep deformation manifestation the cracks appear in some elements of the analytic model. Figure 5 shows the diagrams of stresses and strains within the cross-sections of the beam and columns, before and after appearance of the cracks.
Figure 5 -Stress-strain diagrams within the crosss-sections of the analytic model
To strengthen the frame elements in which cracks appeared, we selected the fiber reinforced polymers Aslan 400 CFRP Laminate with the following stiffness characteristics is selected: -monolayer thickness:
1,4 mm; -modulus of elasticity, Е: 131000 МPа; -strength of a material: 2400 МPа; -deformation at rupture: 0.0187 %. The work condition coefficient was assumed equal to unity. After selection the composite material for strengthening, on «ESPRI» the load-bearing capacity of the strengthened frame element was tested.
For strengthened elements which work on compression, the load-carrying capacity check is performed using the following formulas:
-when strengthening by external reinforcement longitudinally:
-when strengthening by external reinforcement edgeways:
For elements that work on bending, the check is performed on a bending moment: -for rectangular cross-sections:
-for T-section, if the compressive zone bound is through the girder web:
In the formulas (4), (5), (6) and (7) After the strengthening material matching and the strength test of the reinforced structural elements, the reduced rigidity of the strengthened elements is obtained.
To calculate the analytic model, taking into account the new stiffness, the FE №10 with the FE №210 is replaced, which was given the new reduced stiffness characteristics.
One of the most common classic variants to increase the bearing capacity of the structure is the increasing of its rigidity, by installing metal casing. Let us consider a calculation example of the strengthening of a column of the considered frame, using the metal casing. To do this, instead of selecting composite materials, choose the dimensions of the metal angle bar (or plates) with which should be to strengthen the elements of the structure. The verification of the strengthened elements whish also are implemented on the «ESPRI» program. For this purpose, in the subroutine «Сheck of the steel concrete column crosssections» (section Reinforced Concrete Structures) it is necessary to choose a check of the steel concrete cross-sections with metal angle bars and set the parameters of the angle bars in such way that they model the metal casing around the column.
The check of the composite cross sections could be carried out by limit states and also by deformation model, as well as by the two-line and three-linear deformation diagrams which are represented in figure 6.
Figure 6 − Deformation diagrams of steel concrete elements.
Comparison of the frame stress-strain state at different design stages, taking into account the strengthening, is shown in Table 1 . Conclusion. Usage of fiber reinforced polymers to strengthen structures allows significantly to increase the load-bearing capacity of the elements of buildings and structures. It also allows to extend their service life, prevent or eliminate the emergency situation, correct construction or design mistakes, and the most important that it allows to ensure reliable operation and durability of the structures.
In this paper, the model technique for strengthen structures by fiber reinforced polymer materials is proposed. The variant of modeling the strengthening of a construction by metal casing is considered. The values of the element stress-strain state within the analytic model are obtained.
The result of the research is the evaluation of the stress-strain state of the structure while simulation its strengthening by fiber reinforced polymer with the physically nonlinear formulation of the problem.
The results of this work can be used for wider application to increase the bearing capacity of buildings and structures.
